The necessity of research on the occupants' behavior has become more important due to the realization of its impact on the exergy consumption profiles within the built environment. In order to learn more about the occupants' behavior, an intensive study was conducted with the participation of a number of international students living in a dormitory in Tokyo. The behavioral patterns of 39 students were analyzed according to their usage of the air-conditioning units using the logit model. There is a certain relationship between mean outdoor air temperature and the percentage of air-conditioning usage, but there seems also a variety of behavioral patterns. The analysis showed that the preference of the control strategy of the thermal environment and the evaluation of its efficiency seem to have a highly significant correlation and that the occupants' climatic background has some influence on their behavior. 
Introduction
Although the Kyoto protocol is coming into effect, many countries are facing difficulties in fulfilling their promises so that the governments and industries are looking urgently for solutions. The amount of exergy consumption of a certain built-environmental system is influenced not only by the characteristics of hardware, such as the thermal insulation level of the building envelopes and the efficiency of mechanical heating and cooling systems, but also much by that of software whose central determinant is human behavior. "Exergy consumption" is used here, because the concept of exergy enables us to articulate what is really consumed by active and passive building systems. Exergy is defined to be the usable part of energy that can irreversibly dissipate in any working system including the building system 1) .
Over the last few decades the hardware has been researched intensively, while on the other hand the software has not been yet researched well enough, though a number of articles have appeared these days 2)-6) .
According to common definitions, behavior is defined to be "a response to external and internal stimuli" 7) or "the action or reaction of something under specified circumstances" 8) . A general look at conscious and unconscious reactions of the human organism to the external and internal thermal stimuli, we can recognize four basic types of human behavior. From a larger to a smaller scale in space size, these are: behavior related to the "change of place" -e.g. leaving a room; the "adjustment of the indoor environment" -e.g. opening a window or switching on an air-conditioning unit; the "active body adaptation" -e.g. changing cloth or body posture; and the "thermo regulation" or "passive body adaptation". This study focuses mainly on individual differences with respect to the adjustment of the indoor environment.
Recent studies on thermal sensation, e.g., Havenith or Sassa et al. investigated the relationship between individual parameters such as weight, height and body constitution and thermal sensation [9] [10] , and Matsuyama et al. found a strong relationship between climatic background of a person and its thermal sensation during the experiments 11) . On the other hand, those researching about the occupant behavior concentrate on finding general behavior patterns in relation to the outdoor environment 12) or the lifestyle of the occupant 13) .
In reality, except a few days of extreme hot or cold weather situations, the occupants have different options to achieve comfortable conditions in their indoor environment and will choose different ways at comparable conditions. Which of the options they take, e.g. whether switching on an air-limited up to two years so that most students came to Japan within three and twenty months before the measurement.
The whole investigation consists of three steps. As the first step, we conducted a questionnaire survey with 35 questions written in English about their current behavior, behavioral background, their preferences and knowledge about alternative methods to keep the room cool in summer. The questionnaire sheets were passed directly to a limited number of students and also posted into the mail boxes of the rest of the students. In total 310 questionnaires were distributed at the dormitory: 82 of them were given personally in the entrance lobby and the others put into the mailbox. In order to get a higher return a postbox and a poster were placed visible in the entrance lobby of the dormitory. Nevertheless only 71 questionnaires filledout were returned: 56 of those were the ones distributed personally. The percentage of return was 23% as a whole and 68% of the personally distributed questionnaires. This shows clearly how effective personal contact is for this kind of project.
The reason for the low return rate can also be described by two other factors. First, the foreign students studying in Japan are very busy in their own studies and part-time jobs. Many of them leave the dormitory before 9 am in the morning and return after 11 pm so that there is not much time left to fill out the questionnaires given. Secondly, the majority of the students originates from countries where English is not spoken very much. Therefore they might have judged that a questionnaire sheet written in English looks In the second step, the 39 students who agreed to participate in this survey were invited to a short interview asking in more detail about their actual behavior and strategies to keep their room comfortable in summer.
Afterwards they received two sensors: one wireless sensor collecting temperature and humidity values; and the other one, which can indicate if the window is open or closed. In order to prevent a disturbance of privacy, these students were asked to install those sensors themselves.
As the last step, the room air temperature and humidity values of these 39 students were collected at a two minute interval for six continuous weeks starting from the end of June to the mid of August. During this period, the outdoor temperature, humidity, air current and solar radiation were also measured. Figure 2 shows the outside conditions during the measurement period together with the inside conditions of two student rooms and the adaptive comfort zone for Tokyo. The adaptive comfort zone is the range of ±2°C around the comfort temperature, which is most likely to be evaluated as comfortable and is given by an empirical formula proposed by Nicol and Humphreys 14) t c �0.54 t o �13.5
where tc is th � e comfort temperature [ ] and to is the mean of daily � maximum and minimum outdoor air temperature [ ]. The difference in the interior conditions between student room A and B is the result of student A not using the air-conditioning unit and student B using it frequently. While the first two weeks were still relatively moderate as a Japanese summer, the last ten days were with the daily highest temperature of above 30°C and the relative humidity of over 70% so that the survey was made both under moderate and extreme weather conditions. Table 1 shows the average, maximum and minimum temperature and humidity of the rooms on each floor and for respective orientation together with the overall average of inside and outside values. The indoor conditions are even worse than the outdoor conditions due to the density of occupancy, lights, and electrical appliances in combination with the little thermal insulation of the building envelope.
Usage patterns of the air-conditioning unit
In order to articulate the behavioral patterns of the students with respect to the usage of the air-conditioning unit, we first analyzed when each student turns on the air-conditioning unit and how long he or she keeps it on. This was judged by looking at how the room air temperatures vary. Due to the fact that most students are not in their room during daytime and some of them are still outside during the evening period, we divided the data into daytime (8am-6pm), evening (6pm-0am) and nighttime (0-8am).
We analyzed the usage of air-conditioning units in relation to the outdoor air temperature following a procedure described by Nicol 15) . Figure   3 shows the relationship between the percentage of persons using the air- air-conditioning unit stayed switched on during the respective period. The plots represent the average of all students for each of the 43 measured days and corresponding periods. The lines represent the best-fit of these plots using the logit model 15) , the probability that an action occurs, p, to be a function of mean outdoor air temperature, toav. Table 2 shows the values of the constants � and � derived from the analysis and used in eq. (3) to draw the curves in Figures 3 and 4 . The determination of the constants was made using the software package R 16) .
The percentage of usage tend to be higher during the nighttime, in which most students are sleeping in their rooms, than during the daytime.
There is a large variation of occupancy from a person to another, but any further analysis of daytime and evening would not be very reliable since there was no sensor detecting the occupancy. The following analysis is therefore focused on the nighttime period. There were some students staying out overnight, but they reported this to us so that the exact number of the students during the nighttime is known.
The formulae obtained from the method described above may be used to predict the occurrence of an event in building simulation as shown by Rijal et al. 5) . Nevertheless, the formulae are valid only for an imaginary average person, There are huge differences between individual persons as shown in Figure 5 , in which each student is represented by one line.
In order to take a deeper look at the differences between individual persons and to find certain usage-patterns of the air-conditioning units, the students were divided into four groups "N", "E", "L", and "A" based on their actual usage of the air-conditioning unit. The grouping process was as follows. Group "N" consists of those never using the air-conditioning unit;
when the conditions get unbearable, they prefer to stand the heat or change the place to stay. Group "E" are those using the air-conditioning unit; when the conditions get unbearable for them and other measures such as the use of a fan are failed. Group "L" are those trying not to use the air-conditioning unit, but are likely to use it before trying other strategies. Finally, group "A" are those using the air-conditioning unit all the time, even when it should not be necessary.
Using the data of the indoor conditions in the rooms of the students together with the outdoor conditions, the measurement period was divided into three categories. If the indoor air temperature inside the rooms where no air-conditioning unit is used is within the limits of the adaptive comfort zone, we call this usage pattern of an air-conditioning unit "not-necessary"
("NN"). If the room air temperature is lower than 1°C above the upper limit of the comfort zone and the outdoor air temperature within the comfort zone, the usage of the air-conditioning unit is called "necessary unless applying other strategies" ("NW"). If the room air temperature exceeds the upper limit of the comfort zone more than 1°C or the outdoor air temperature is above the comfort zone, the usage is called "necessary even with other strategies" ("N"). The relative frequencies of groups "NN", "NW" and "N" are 54%, 15% and 31% respectively. For the grouping process, the students never using the air-conditioning unit during the measurement period were first placed in group "N". The period and frequency of air-conditioning usage of other students were then judged according to the three categories mentioned above. Those students using their air-conditioning unit in period "NN" were placed in group "A", those using it beginning with period "NW"
were placed in group "L" and those only using the air-conditioning unit in the periods marked as "N" were placed in group "E". Figure 6 shows the respective plots and best-fit lines for each group.
The respective values for the constants � and � are given in Table 3 . As can be seen, those belonging to group "A" use the air-conditioning unit more likely than those belonging to group "L", "E", or "N" for a certain outdoor air temperature. Due to no data for conditions above 33°C, it is not clear how students belonging to group N will react as the outdoor air temperature Figure 6 . Percentage of persons using air-conditioning units at different outdoor air temperatures for each group. The plots are observed values and each curve represents best fit. 
Factors influencing the decision process
To have a better understanding of these four groups of persons with respect to the usage of airconditioning unit, we further analyzed how the answers obtained from the questionnaires relate to the behavioral patterns of a respective group. The results of this analysis are displayed in Figure 7-a) to g). There are seven charts in Figure 7 The symbols such as "0.01(>)" or "0.05(<)" appearing in the portions of the bars indicate that the portion is significantly higher or lower in the group compared to the overall average. Taking a look at group "E" in case a) for example, we can be sure with 90% of probability that a student belonging to group "E" tends to like the airconditioning unit less (<) than the average person, and we can be sure with 95% that a student belonging to group "E" dislike the air-conditioning unit more (>) than the average person. The significance levels are obtained from the calculation of the hyper-geometric probability, a method especially designed for small samples, and also from a one-tailed test of hypothesis (see Appendix). The portions having the number with the symbol "(<)" or "(>)" are those that both methods give the statistical significance.
What can be seen from Figure 7-a) is that, if a person likes or dislikes the air-conditioning unit at night has a significant influence on how frequent he or she turns on the air-conditioning unit in reality. This may seem to be very obvious, but so far there have been very few comparable studies.
The subjective evaluation of the effectiveness of air-conditioning units might affect the preference, but the answers given to the questionnaires show that the students who dislike the air-conditioning unit evaluated it comfortable in the same way as the students who like it. This implies that the students were able to distinguish between preference and effectiveness. Therefore, they are treated as two independent influences. The symbol '(>)' denotes that this portion is significantly higher in group than in average and '(<)' that it is significantly lower Figures 7-b) to d) show the results of the analysis in the subjective evaluation of the effectiveness of using the air-conditioning unit, opening the window and closing the window. The students in groups "L" and "A" believe fully in the comfort provided by the air-conditioning unit and less in alternatives such as opening the window, while on the other hand, those students in groups "N" and "E" believe in the opposite to be more comfortable. Interesting also is that the students never using the airconditioning unit seem to evaluate positively the effect of closing a window.
This result must be reflecting the fact that they have quite a lot of experience in regulating the thermal conditions with their windows. The analysis of other strategies such as the usage of a fan or wearing light clothes resulted in the same tendency, but is not shown here because the differences were not significant.
The reason for what is described so far is that those persons often using the air-conditioning unit have less experience using alternative strategies.
Therefore they cannot imagine the effect of an increased airflow by opening windows or other strategies and might not be able to believe that it helps provide with more comfortable conditions.
For the analysis of the climatic background shown in Figure 7 -e) the students were grouped according to the climate map of Koeppen 17) . This Those students from hot and dry countries are more likely to be found in groups "N" and "E". Looking at the countries those students are originating from in detail, this can be explained due to a more traditional lifestyle those students grew up with. The students from a cold climate are more likely to be found in group "L", though there is no significant difference in the students from a moderate climate. This can be explained that they are not used to the thermal environmental conditions during the measurement period and never learned alternative strategies in their home countries. Therefore switching on the air-conditioning unit must have been easy for them to learn in order to avoid the hot and humid conditions in Japan.
According to Figure 7-f) , there seems no significant difference between the groups in relation to the knowledge of alternatives such as natural ventilation, outside sun shading and evaporative cooling by spraying water. This result might have been influenced by the way of asking directly if those strategies are known or not. Generally speaking, people do not like to admit their lack of knowledge so that the knowledge stated would be different from the real knowledge. This has to be investigated further in the future surveys.
Even though one might expect that females and males act differently, There is no female student in group "N"; this might be due to the small size of the sample and is not significant according to the statistical evaluation.
Conclusions
The results of this investigation show that the Logit model introduced by Nicol can also be applied to the usage of an air-conditioning unit. Starting from this, it is shown that there exist different behavioral patterns, which can be presented with characteristic best-fit curves.
For measures to reduce the exergy consumption within the built environment, this paper shows that the preference has a highly significant influence on how often a person uses the air-conditioning unit. The subjective evaluation of the effectiveness and the climate in their home countries influence on the amount of air-conditioning usage. There was no significant influence found between the knowledge of alternative strategies and the actual behavior. No significant influence was also between gender and behavior.
The results obtained here in this research are from a limited number of subjects so that the differences between the groups found still have a slight possibility to appear by chance. Future studies therefore have to deal with a larger number of participants, in order to support or reject the relations stated above. Additionally it must be interesting to investigate whether it is possible for one to change a certain behavioral pattern towards a less exergy consuming one, namely the one that the air-conditioning unit is used less often, but the alternative strategy, namely natural ventilation with solar control is used more often naturally. Two methods to evaluate the level of significance were used: a) Hyper-geometric probability 18) The hyper-geometric probability is the probability that within an experiment the number of successes is exactly x, when there are N items in the population with k successes and n items in the sample. For the purposes of this study, N is the number of students taking part in the measurement and n the number of students belonging to a certain behavioral group. Then, x is the number of all students supporting a feature, e.g. to like the air-conditioning unit, and k is the number of students in the respective group who support the same feature. The hyper-geometric probability is then calculated by:
where kCx represents the combination:
The level of significance is the cumulative probability, which is the sum of the hyper-geometric probabilities from 0 to x. This means, in case that there are four students of one behavioral group supporting one feature, the significance level is calculated by the sum of the hyper-geometric probabilities, with x = 0, 1, 2, 3, and 4. b) One-tailed test of hypothesis 19) A hypothesis test starts with the assumption that the probability of an event happening in one sample is different from the population. To test this hypothesis, a zscore indicating different significance levels is calculated by
where x is the number of successes in the sample, n the sample size and P the probability that a success occurs in the population. For this study, n is the number of students belonging to a certain behavioral group and x is the number of students within this group, supporting a feature. P is the percentage of all students taking part in the measurement, who support the same feature.
In our case, the students belonging to one behavioral group can either support a feature more likely or less likely. We used a one-tailed test, because we are only concerned if the probability in the sample is higher than in the overall population. The 
